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6.1 

6.0 RECOMMENDATIONS FOR ADDITIONAL RESEARCH 1979-1981 

The effects of drainage ditches on vegetation patterns. 

The spoil banks of many drainage ditches slow or even 

halt the water flow across the peatland. The results are seen 

particularly where a ditch crosses a water track, where the 

natural water flow tends to be concentrated. On the upslope 

side of the ditch the water may accumulate and partially flood 

the pattern of transverse ridges and pools (the ribbed fen) that 

characterizes most water tracks. On the downslope side of the 

ditch the water track is partially dried out, and shrubs invade 

the ridges. The contrast along many ditches is visible on 

air photographs. The relations are particularly noticeable on 

opposite sides of the Waskish-Baudette road (Highway 72). The 

ditch on the east side of the road is commonly full of flowing 

water after rains, whereas that on the west has little water . 

Where desiccation on the west side is moderate, the ribbed 

pattern of the water track may become accentuated by shrubs 

invading the ridges. Where desiccation is more severe, it has 

converted some of the fen to an unpatterned area of dwarf birch 

shrubland, and other patterns and vegetation communities have 

been disrupted. The degree of modification should be measured 

by making systematic vegetation plots in the modified areas, 

by investigating the water level and water content in the peat, 

and by analyzing water samples to see if water chemistry has 

been affected by the changes in water flow. In some cases the 

spoil banks carry a vegetation of willow shrubs and other 
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hardwoods, implying that mineral soil has been dredged from 

the ditches; nutrients from such mineral-soil sources may change 

the chemistry of the water flowing in the ditch or seeping 

across the peatland. Systematic water samples should be taken 

to examine this question. 

6.2 The peatland complex northeast of Highway 72. 

The complex of raised bogs, water tracks, and ovoid is­

lands northeast of Highway 72 is completely unditched and thus 

essentially pristine in its vegetational development and its 

water chemistry. More extensive floristic, vegetational, and 

hydrochemical study of this area should be undertaken, for com­

parison with the largely ditched area studied in 1978 west of 

the highway. A preliminary survey in this area indicates a 

greater floristic richness here, and a close search should be 

made for rare and endangered species. The vegetation patterns 

are certainly well developed here and are somewhat less complex 

than those west of the highway, perhaps because they are less 

altered by disturbance. This may be the area most suitable 

for the highest level of protection from disturbance. 

6.3 Vegetational and floristic studies of wetland border communities. 

Vegetational and floristic studies, in conjunction with 

analysis of water chemistry, should be made of representative 

samples of transitional wetland communities bordering the peat-

land complexes. A proper analysis is possible now that the 

294 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



.. 
II 
II 
Ill 

• • 
II 
II 

• • 
Ill 

• 
1111 

rt 

-• • • 

6.4 

major peatland communities have been established, and it is 

of great importance because the marginal areas may be those 

parts of the peatland complex most used by wildlife of interest 

to man (e.g., moose, deer, wildfowl, etc.). There appear to 

be large areas of will9w scrub that may be of particular im­

portance in this connection . 

Vegetational analysis of large peatlands in St. Louis and Lake 

Counties. 

Vegetational analysis (by the releve method) and f loristic 

study of the large peatlands in St. Louis and Lake Counties 

is required, for comparison with those of the Red Lake area. 

Preliminary studies suggest that the peatlands of northeastern 

Minnesota do not exhibit the diversity 0£ pattern evident in 

northwestern Minnesota. Their floristic diversity may also be 

less, because the nutrient inputs to the bogs from the non­

calcareous glacial drift of the area are likely to be low; but 

on the other hand it is possible that more northerly elements 

of the bog flora may be -present in northeastern Minnesota be­

cause of the cooler, wetter climate. 

Stratigraphic studies. 

Stratigraphic study of peat cores should be undertaken, 

to determine how the peatland patterns have become established, 

and whether they had reached a relatively stable state prior 

to ditching or other disturbance. -Understanding of the mechanism 

of pattern formation will be of great value in working out how 
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and why patterns have changed in response to ditching and road­

building, and how they may be preserved in relatively pristine 

areas around which peat mining may occur. Analysis of inter­

stitial water at different depths in the peat, and in the under­

lying mineral soil, may provide clues to the sources of water 

flowing in various parts of the peatland. The source of 

minerotrophic water in the water tracks within the major 

Sphagnum bog complexes is of particular interest in this con­

nection. The stratigraphic studies in certain areas should in­

clude analysis of interstitial water to determine whether some 

of the water moves upward under artesian pressure, thus pos­

sibly explaining unexpectedly high values of pH discovered in 

the heart of the complex of raised bogs. If the interstitial 

water has a high ionic content and high humic color compared 

to the surface water, then presumably it has been in contact 

with the decomposing peat for a long time, whereas if its 

chemical makeup is similar to that of the surface water then 

it may be moving rapidly through the peat under artesian pres­

sure. 

6.6 Analysis of the role of fire in ovoid bog islands. 

Analysis of the role of fire in the large, ovoid bog 

islands of Sphagnum moss and black spruce will be useful in 

attempting to understand why these islands have poor spruce 

growth in the center, and locally in some marginal areas. Re­

cent fire scars are evident in some areas, and so also are 

patches of mistletoe infestation. It is uncertain whether 
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6.7 

these open areas are a natural consequence of increased wet­

ness in the island centers or a response to fire or other fac­

tors. (We do not even know whether the present tree cover on 

the ovoid islands is greater or less than in the past.) Com­

parison of the ditched and unditched areas will be of especial 

interest in this connection, as will further comparisons of 

the vegetation and water chemistry of the island centers with 

the centers of the crested raised bogs that have radiating lines 

of clumped spruce . 

Further studies of water and peat chemistry. 

Further study of surface water chemistry and peat chemis­

try, together with analysis of microtopographic gradients, 

is required in order to understand the pattern of water flow 

and the balance between the ions supplied directly by rainwater 

and those carried by water that has percolated through adjacent 

or subjacent mineral soil or decomposing peat. This balance is 

of the greatest significance in determining whether fen or bog 

vegetation will be present, and the lines of water flow from 

the mineral soil clearly play a major role in determining 

vegetation patterns. The degree of slope in the water tracks 

will also be of importance in determining the frequency and 

distinctness of "ribs" in the "ribbed fen", with its ridges 

(or ribs) and troughs oriented across the line of water flow . 

Degree of slope may also be of im'portance in analyzing the ef­

fects of ditching and road-building, as will studies of water 

and peat chemistry. 
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6.8 Investigation of the rates of peat accumulation. 

Rates of peat accretion in various parts of the pat-

terned wetland should be investigated so that we may gain some 

idea of the rates of regrowth to be expected in areas that 

might be mined. Such knowledge could well assist plans for 

reclamation of exploited areas, if we can establish under what 

hydrologic regimes and vegetation types peat accumulates 

rapidly, and where it accumulates slowly. At present we are 

uncertain as to whether peat is actually still accumulating in 

the unditched areas, or has risen to some climatically deter­

mined limit. Likewise we do not know what the response has 

been to ditching and roadbuilding, although we do know that 

vegetation patterns have been markedly affected. For dating 

various levels of peat, the carbon-14 technique can be employed. 

The marked rise in ragweed pollen following European settle­

rnen t can be used to indicate the advent and subsequent influ-

ence of modern man upon the peatland. 
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VEGETATION ANALYSIS OF SELECTED BELTRAMI, 
KOOCHICHING AND ST. LOUIS COUNTY PEATLANDS 

BY REMOTE SENSING METHODS 

by 

M. Meyer and R. Hagen 

1.0 Introduction 

The present one-year study is divided into two phases, each with the 
following objectives: 

Phase I - Preparation of 100% site-specific vegetation cover type 
maps of portions of 9 7!-minute USGS quadrangles in the 
Upper Red Lake Bog and portions of 6 7!-minute quadrangles 
in St. Louis County (circa 315 square miles total). 
Classification to be accomplished from the most recent 
existing 1:15,840 summer B&W infrared aerial photography . 

Phase I I - A two-camera 35mm aerial photography camera system will 
provide color infrared coverage of up to 35 miles of 
representative transects selected by the investigators. 
Continuous coverage of the transects will be flown at 
circa 1:84,000 and photo plots at circa 1:12,000 will be 
flown at selected intervals along the transects . 

2.0 Methods 

2.1 Phase 

2.1 l Interpretation of the 1: 15,840 scale photography is being 
done while viewing.the photographs in stereo using a reflecting 
mirror stereoscope. 

2. 12 Interpretation is being done on clear, stable-base overlays 
registered to alternate photographs. 

2. 13 Minimum size of typing unit is 7! acres . 

2. 14 The classification scheme has been developed by the investi­
gators under guidelines set down by the DNR Peat Program . 

2.15 Necessary field checking ·has been done largely by helicopter 
for the Red Lake Peatland and by bog tractor and foot for the 
two Toivola bogs . 
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2. 16 To aid the photo interpreter, a consi.derable number of 
low altitude, aerial high oblique color slides were taken 
of the study area from the helicopter or from fixed-wing 
aircraft. The location· and approximate field of view of 
the oblique photographs were then indexed on 7!-minute 
orthophotoq·uads. 

2o 17 A carousel sl i'de projector and screen are set up in con­
junct ion with the photo interpreter's working station such 
that the interpreter can alternate between the stereo 

·image of an area and ·the projected image of the corresponding 
oblique or color infrared transparency simply by turning in 
his ch.air~. 

2.18 The intetpret~d detail on the 9x9-inch overl~ys will be· 
transferred to overlays registered to 1:24,000 scale ortho-
photoquads using an overhead projector. · 

2. 19: Area measurements by cover type and by quadrangle will be 
made using an electronic planimeter. 

2.20 A final copy of the 1:24,000 scale overlay will be drafted 
and the orthophotoquad and overlay will be mounted on a 
suitable backing. 

2.2 Phase I I 

2.21 Transect locations were chosen to demonstrate principal 
vegetation types, v~getation patterns, environmental gradi­
ents, effects of man-made disturbances (e.g., ditches, roads, 
timber harve,st, .transmission line construction and ATV's) 
and natural disturbances k.g., dwarf mistletoe infections, 
fire scars and beaver flooding). · 

2.22 Transect photography was accomplished in August and Septe~ber 
using a two-camera unit -- a 28mm lens for continuous cover­
age at 1:80,000 and a 200mm lens for photoplots at 1:11,000. 

· 2~23 1:120,000 scale 35mm CIR cbmplete coverage (not specified 
in the contract) for both study areas was accomplished in 
July and September. 

2~24 lnternegatives and 3!x5-inch color prints were made of all 
the 35mm CIR photography. The 3!x5-inch color. prints were 
taken into the field for ground truthing. 

2.25 All the original CIR transparencies and internegatives have 
been indexed and filed for easy access. 

2.26 Selected 3!x5-inch prints of the CIR photograp,hy will ulti­
mately be board mounted for display alongside the corresponding 
1:24,000 scale orthophotoquad. 
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3.0 Results to Date 

3. l Phase 

3.11 The third draft of the classification scheme is given in 
Appendix 5.0. Minor changes may yet need to be made. 
Following guidelines set down by the Peat Program, use 
of the terms bog and fen was avoided in the classifica­
tion scheme due to the lack of widespread agreement as 
to their definitions . 

3. 12 Chase Brook SW Quadrangle was chosen for early completion 
and should be done in early January. 

3-2 Phase I I 

All transect photography was successfully flown and is of generally 
good quality. Other investigators are invited to duplicate portions of 
this photography at their own expense. 3ix5-inch color prints currently 
cost about $.30 apiece. If interested, call Roy Hagen at 373-1412 . 

4.0 Discussion 

The effect of the old drainage ditches on the hydrology and the plant 
communities of the Red Lake Peatland is probably greater than originally 
thought. This is particularly evident on the color infrared photography. 
Their effect on major watertracks is often dramatic; their effect on ombro­
trophic raised bogs appears to be minor. 

5.0 Appendix 

(attached) 

6.0 Recommendations for Additional Research 

Future applications of remote sensing techniques to Minnesota's peat­
lands should be in response to needs identified by the Peat Program or by 
other investigators. 
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5.0 Appendix 

DNR - PEAT 

Classification Scheme - Third Draft 

I. Mineral Uplands - Distinguished by discernible relief and character­
istic vegetation types (not always well defined). 

A. Woody 

H 

D 

~10% canopy cover (no size, density or vigor classes) 

- Needleleaf evergreen forest (<10% cover of D) 

- Broadleaf Deciduous forest (<10% visible cover of N) 

ON - Mixed; over 10% cover of both D and N 

Sd - Deciduous Shrub; ~10% and <90% visible cover (excludes 
shrubs under a forest canopy and, therefore, not 
visible on an aerial photograph) 

B. Nonwoody- <10% cover of woody vegetation 

Au 

AAu 

B 

- Agriculture; field or pasture (the u indicates an upland 
site) 

- Abandoned Agriculture (not used within the past year) 

- Bare soi 1 (<50% vegetated and non-agricultural), e.g., 
a gravel pit 

Combined Types Expected 

DSd - 10-90% cover of D and 10-90% visible cover of Sd 

DNSd, NSd 

Peat lands 

A* Trees and Deciduous Shrubs 

1. Forest types - ~10% cover 

a. Species 

Sp - Black spruce 

Ms - Dwarf Mistletoe infection in black spruce 

T - Tamarack 

Sc - Swamp conifer; black spruce and/or tamarack (not 
differentiable on the photography) 

C - Northern white Cedar 

P - Aspen (Populus) 

F - Black Ash (Fraxinus) 
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b. 

c. 

d . 

e . 

Vigor 

Low vigor, tree stunted, less than 8m tall at 
maturity (antecedes symbols for tree species 
and height) 

Height 

a - <Bm (antecedes symbol for tree species) 

b - ~Sm 

Density (Canopy cover) 

10-40% (antecedes symbols for species, height and vigor) 
II - 41-70% 

I II - 71 - 1 00% 

Other 

Lg - Recently logged -- reproduction not present or too 
small to classify 

f. Examples 

- A stand of black spruce averaging 7m in height of 
good vigor with 80% canopy cover would be labelled 
Spa11' . 

- A stand of stunted tamarack averaging 6m in height 
with 30% canopy cover would be labelled Ta- 1

• 

(NOTE: Any symbol for a forest type with less 
than 70% canopy cover must be anteceded by the 
appropriate symbol for the understory type.) 

- A stand of 12m tamarack with 30% cover over mixed 
tamarack-black spruce 3m tall reproduction with 
50% cover, but not differentiable by species_ on 
the photography would by typed Tb 1 /Sca 11

• 

2. Deciduous shrubs over one meter tall - ~10% visible cover 

a. 

b. 

Species 

W - Willow 

WAl- Willow and/or Alder 

8 - Bog birch (Betula pumila) -- commonly occurs with an 
understory of ericaceous shrubs (ericads). When 
stunted (i.e., less than about 1. Sm) it often can­
not be diffentiated from the ericads and would be 
typed E. 

WB - Willow and/or Bog Birch 

Density - same as for forest types 

Herb, Moss and Ericad Types 

L' - Leatherleaf; continuous cover of vigorous ericads -­
predominately leatherleaf -- over a continuous sphag­
num moss· layer. , Sedges _are absent or Qf minor impor­
tance. Occurs where fi_re:has burned a raised spruce 
bog . 

305 



M - Moss; continuous moss layer (usually of nearly pure 
Sphagnum spp.) with a variable cover of sedge and 
ericads, neither of which are continuous or vigorous, 
dry -- water table below the surface. 

E - Ericads; continuous even cover of ericaceous shrubs 
with or without a moss layer underneath. Sedges 
absent or of minor importance. May include short 
bog birch. No a burned over raised spruce bog. 

Mh - Wet Moss ((hydric); similar to M with a near continuous 
moss layer, but on a distinctly wetter site. Commonly 
found in association with S type. Ericads often domi­
nant. 

S - Sedge; <10% cover of sphagnum, water table at the sur­
face through much of the year. 

G - Graminoids; a mixture of grasses and sedges, found 
commonly on shallow peats and along ditches flooded 
by beaver dams. 

Ut - Tamarack understory; used where understory in a tamarack 
stand does not fit any of the above types. Tamarack 
understories tend to be very diverse 

C. Special Features 

R - Ribbed pattern to the vegetation with the ribs or 
strings oriented roughly perpendicular to the direc­
tion of water movement. 

T i - Ta ma rack i s 1 ands ; 1 on g , n a r row, r a i s e d 11 i s 1 ands 11 < 7 ~ 
acres in size and oriented parallel to the direction 
of water movement. A typical island has a stand of 
~amarack at the upstream head and a tail of ericads 
and/or bog birch. (Not a 11 the is 1 ands ;have s i g-
n if i cant amounts of tamarack.) 

Spi- Spruce islands; nearly circular small islands of black 
spruce (with some tamarack) over continutous sphag­
num and near continuous ericads. 

Lg - Logged over 

A - Agriculture 

AA - Abandoned Agriculture 

D. Conventions 

~.,,_,,.,.._~--"""-'r•~-· ,_.,.........._l'>r~""""·••·~-•·•--------- - ............_ __ _ 

- No assumptions are made about shrub, herb or moss layers 
beneath an upper canopy, i.e., density or coverage 
classes only refer to the uppermost visible layer of 
vegetation as viewed on an aerial photograph. 

- Only those vegetation types covering 10% of a type 
unit will be included in the classification of that 
type unit. 

- Minimum size of a type unit is 7~ acres. 
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E. Examples: 

The general sequence of symbols in classifying a 
a type unit shall be: 

l. R, AA or Lg 

2. Tree species 

3. Deciduous shrub 

4. Herb, moss or ericat type 

5. Ti or Spi if these features are present 

- If herb, moss or ericad types are combined, the 
symbol for the type having the greatest areal 
coverage shall come first. A ribbed peatland 
with the Mh type on the ribs and S between 
ridges would be labelled RSMh. 

Raised ovoid islands -- M, Spa- 'M, Spa- 11 M, Spa'", L, Sca'L 

Fen types -- S, RS, RSMh, RB' S, RB"S, SSp i, ST i , RST i , RB' ST i 

Transition types -- Mh, Ta- 'Mh, Ta'B'Mh 

Ill. Other Symbols 

-.....___/ Type line 

Border between upland and peatland 

Direction of water flow in a ditch as evidenced by beaver 
dams or ground observations 
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ANALYSIS OF MINNESOTA PEAT FOR POSSIBLE 

INDUSTRIAL CHEMICAL USE 

Progress Report - Dec. 15, 1978 

Submitted by Charles H. Fuchsman 

(Director, Center for Environmental Studies, Bemidji State University) 

1. Authorization: The work done on this project is performed under contract 328062 
between Minnesota Department of Natural Resources and Bemidji State University. 

2. Expenses to date: The most recent printout shows expenditures and encumbrances 
for salaries and salary-related costs to be $9923, travel $30, supplies $494, lab 
equipment $329. 

3. Activities up to December 8. 

a. On the basis of discussions with Tom Malterer of DNR, a program for collection 
of peat samples was established, with samples to be delivered to Bemidji State 
University for study. Of cores to be obtained from 30 sites in 6 peat areas, 
cores have already been delivered from 25 sites in 5 peat areas identified as 
Pine Island, Norman Lake, Baudette, Salol, and Meadowlands. A visit to a Pine 
Island site was made by Drs. Fuchman and Lundberg, accompanying Dr. H. Grumpelt, 
peat coke expert from Germany. Tom Malterer and his crew demonstrated their 
peat sampling technique. 

b. Preliminary tests were run to check the validity of the proposed methods of 
analysis and the suitability of equipment for the samples involved. On the 
basis of these tests appropriate procedures were selected for the determination 
of peat bitumens, ash, and phosphorus content. The bitumen content will indicate 
the commercial potential of the peat as a source of wax. Ash and phosphorus 
content will indicate possible value for the production of peat coke and activated 
carbon. 

c. Preparation of peat samples: 

All samples were air-dried to 5-10% residual moisture, and then ground in 
a Wiley mill to pass a 20 mesh screen. Oven drying was done only to determine 
residual moisture, since oven-drying appears to alter the character of peat 
and of its bituminous component. The air-dried ground samples were stored until 
needed. 
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4. 

Site 

Results of bitwnen analysis. Bitwnens were extracted for about 4-6 hours 
a Soxhlet apparatus, using benzene-ethanol (2:1) as the solvent. (Note: 
results represent raw data and may be corrected in the final report.) 

% Bitumens in air-dried peat 

1-2 ft. 2-3 ft. 3-4 ft. 4-5 ft. 

Norman Lake 1 5.4 2.9 2.0 

2- -3.1 ::... 4.2 

3 4.0 3.9 4.2 4.2 

4 3.1 4.5 

5 5.4 4.6 2.8 3.0 

Pine Island 1 7.0 

3 5.2* 4.0 

4 7.0 4.2** 

5 8.0 

Solol 2 5.8 4.4 1. 5 

3 4.0 7.1 7.1 4.1 

4. 6.2 3.2 

Baudette 9 3.8 4.1 

11 7.4 5.4 4.0 

19 5.8 4.9 2.9 

* Average of two analyses 

** Average of two analyses; one aberrant value rejected 
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II 
Results of analyses for ash content. Samples were ashed at 500°C in porcelain 5. 

• crucibles . Samples ashed at higher temperatures tended to fuse to the porcelain 
glaze. (Results are subject to correction in the final report. ) 

• % Ash in air-dried peat 

Site 1-2 ft. 2-3 ft. 3-4 ft. 4-5 ft. 

• Pine Island 1 5.1 4.2 4.2 3.5 

• 2 4.9 LS 2.9 2.5 

3 7.7 4.0 2.8 2.4 

• 4 5.6 5.8 3.6 4.2 

5 8.3 7.1 12.0 12.0 

• Norman Lake 1 8.9 8.2 11.0 10.1 

• NE 
2 9.3 7.5 8.2 8.3 

3 8.5 6.0 6.6 5.7 

• 4 7.9 7.7 10. 5 8.9 

II 
5 8.3 9.0 11. 8 13.0 

Baudette 1-19 8.2 9.6 • 2-9 6.6 7.3 7.0 7.6 

• 3-11 8.2 7.5 8.8 11. 5 

4-15 5.6 6.2 8.0 8.7 

II 5-7 6.2 5.9 8.7 8.6 

• Salol 1-2 5.2 s .. 6 7.0 9.7 

2-3 7.1 6.2 5.5 6.8 

• 3 6.1 5.6 . 5. 6 6.0 

• 4 7.3 5.9 6.2 6.4 

5 6.1 6.6 
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6. Results of analysis for phosphorus content. The phosphorus was determined 
colorimetrically in the ash, using the molybdate-vanadate method. The samplesl 
are reported as parts of P per hundred parts of aie dried peat. 

Site 

Pine Island 1 

2 

3 

4 

5 

Norman Lake 1 
NE 

2 

3 

4 

5 

Baudette SW 1-19 

2-9 

3-11 

4-15 

5-7 

Salol 1-2 

2-3 

3 

4 

5 

1-2 ft. 

0.032 

0.029 

0.033 

0.056 

0.075 

0.061 

0.082 

0.070 

0.053 

0.049 

0.055 

0.055 

0.040 

0.039 

0.046 

0.060 

0.051 

0.062 

0.063 
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4-5 ft. 

0.034 

0.021 

0.024 

0.032 

0.036 

0.060 

0.046 

0.048 

0.061 

0.050 

0.048 

0.050 

0.042 

0.048 

0.026 

0.051 

0.053 

0.045 
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7. Evaluation of results: 

a. Bitumens. It may be assumed the wax content peat will commonly be about one­
half to two-thirds of bitumen content. It is also likely that for wax contents 
less than 5%, peat cannot be economically harvested for peat production. Thus 
bitumen levels above 8% are required. For lower levels it may be possible to 
develop peat extraction of a by-product from peat used primarily for other 
purposes. 

Virtually, no peat sampling sites appear to be rich enough in bitumens to warrant 
more commercial interest at present. The Pine Island Bog, however, had the 
largest portion of samples containing 7.0% or more bitumens. 

b. Ash and phosphorus content. 

Metallurgical grade peat coke may not have more than 0.06% P. Since coking 
reduces the weight of peat by 2/3 without removing any phosphorus, the air­
dried peat should contain no more than 0.02% P. None of the samples so far are 
low enough. Samples from Pine Island bog have the lowest F values of those 
analyzed. 

Ash contents are not as critical as P con~ent. However preferred ash contents 
in peat coke and in activated carbon are less than 15%, which requires ash 
levels below 5% in the air-dried peat. About half the samples of Pine Island 
bog had an acceptable range of ash values for condensation as raw materials 
for coke or activated carbon. 

8. Tentative conclusion: 

Of the peat sampling sites so far examined, those at Norman Lake, Baudette, 
and Salol appear to be too low in bitumen content to support a peat wax 
operation, and too high in phosphorus to support a peat coke operation. Peat 
from the Pine Island bog appears to have higher bitumen content and lower phos­
phorus content than peat from the other bogs. It is of marginal interest; but 
may justify further study. 
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AN INSTITUTIONAL VIEW OF MINNESOTA'S PEATLANDS 

The Peat Project Staff, together with the Mineral Leasing Section of the 

DNR and the Minnesota Department of Revenue has begun a joint study to 

assess the impacts various royalty and taxation combinations would have 

on horticultural peat development in Minnesota. The study design utilizes 

a computerized discounted cash flow model. A formal report is being 

prepared and should be available for distribution in February. 
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